Introduction: Urban flora is an important component of human-dominated ecosystems that links urban dwellers with nature. This study aims at compiling and analysing the alien and native vascular plant species of some selected habitats in the Srinagar city, Kashmir, India.
Introduction
Important environmental services in cities like removal of dust, mitigation of microclimatic extremes and modulation of humidity are being provided by biodiversity (Bolund and Hunhammar 1999; Haase et al. 2014) . The latter also delivers amenity values, such as aesthetic enjoyment and recreation (Miller 2005 and Miller 2006; Qureshi et al. 2013 ) and psychological benefits resulting from human biophilia (Wilson 1984) . Most people live and work in cities (Miller and Hobbs 2002) , and access to urban nature and natural habitats improves their quality of life (Turner et al. 2004; Qureshi 2010 , Qureshi et al. 2013 . Even for these people, the biotas that survive in cities are their only contact with nature (Thompson and McCarthy 2008) .
But urban areas are characterised by relatively intense stress levels associated with pollution by sewage, nutrients, toxic chemicals, heat and biological pathogens (including invasive species) (Pickett et al. 2001) . With ever increasing urbanisation, natural areas are becoming increasingly fragmented Saunders et al. 1991; Hobbs and Yates 2003) , creating ever more urban/wildland interfaces. These urban/wildland interfaces facilitate access and opportunities for humans to disturb natural habitats (Bolger et al. 1997) , and disturbance is recognised as an important determinant of invasibility (Hobbs and Huenneke 1992; Davis 2003) . Increased isolation and proliferation of edges are some features which subject the remnant natural habitats lying inter-digitated within urban landscapes (Kupfer et al. 2006) to invasibility, and the theory of island biogeography predicts fewer plant species habitation on these relatively small and isolated habitat patches (Bastin and Thomas 1999; Guirado et al. 2006) .
The advantageous ability of alien plant species to grow and survive in urban areas gives them an edge over native plants which are unable to survive there (Kühn and Klotz 2006) . Many alien species thrive in urban environments probably due to the 'urban heat island effect' (Ricotta et al. 2009; Wang et al. 2011) . Because of the considerable potential exhibited by alien plants to disperse propagules to long distances (Pyšek and Hulme 2005) , there is an understandable concern that urban areas may act as source centres from which alien plant species will spread into the wider surrounding environments (Catling and Porebski 1994; Sullivan et al. 2005; Houlahan et al. 2006 ) and hence could become detrimental to regional biodiversity. A recent crosscontinental comparison revealed that invasive plants significantly reduce native plant diversity in non-native habitats but not at home (Shah et al. 2014) . The invasive species can do so through many mechanisms (Levine et al., 2003) , and the role of urbanisation-driven changes in ecological settings to influence such mechanisms is yet poorly understood.
Given the fact that urbanisation facilitates alien plant invasion, we carried out floristic sampling in selected habitats in Srinagar city, India and its suburbs to compile alien and native floras of these habitat types to unravel which group of plants (alien or native) are selected by regional landscape and which habit/life form is selected by the habitats?
Methods
Study area, study sites and habitat types Srinagar city is located at an average elevation of 1,600 m above mean sea level and it is spread over in the heart of the oval-shaped valley of Kashmir. It is situated between 74°56′ and 75°79′ east longitude and 33°18′ and 34°45′ north latitude. Srinagar is the largest urban centre in the lap of Himalayas and its landscape is adorned by the Dal, the world-famous freshwater lake. In the east, the city is bounded by Zabarwan Mountains, hillocks of 'Takth-i-Suliman' in the east and 'Kohi-Maraan' (Hariparbat) in the centre which adds to its beauty. The famous Dachigam National Park, the last abode of the Kashmir stag 'Hanglu, ' lies on the eastern part of city.
All the study sites were located in Srinagar city and its suburbs. Any two study sites were at least 0.75 km apart. These habitats were surrounded by a typical urban matrix of residential, commercial, industrial and recreational land use. Four major terrestrial habitats selected were grasslands, graveyards, orchards and wastelands. Each habitat type (viz., graveyards, grasslands, orchards and wastelands) was sampled at seven different sites. Floristic sampling was conducted twice during the year 2010 to 2011.
Data collection
The first sampling was carried out in April and May and the second one in August 2010 and September 2011. During the present investigation, all spontaneously established vascular plant species, including garden escapes and seedlings of spontaneously regenerating planted trees and shrubs, were recorded using the strati- 
Floristic element profiling: definitions and terminology
All the recorded species were classified as either native or alien according to their status in the region i.e. Kashmir valley. The native geographical range of the plant species was obtained from every possible source, such as (Khuroo et al. 2007 ), Germplasm Resources Information Network (GRIN) of the US Department of Agriculture. The alien plant species were characterised at different stages of Figure 1 Schematic representation of the sequence of steps followed in the present study. Different habitat types were identified and surveyed in the Srinagar city and its suburbs. Habitat wise floras were generated using the stratified quadrant sampling approach that were further segregated into native and alien elements followed by growth form characterisation. Alien species were further categorised on the basis of stages of invasion. the invasion process along the introduction-naturalisationinvasion continuum (see Richardson et al. 2000) (Figure 1) . In this study, we defined 'casual' alien species as those alien species that do not form self-replacing populations (Pyšek et al. 2004) . Those alien species that reproduce consistently and sustain self-replacing populations over many life cycles without direct intervention by people (or in spite of human intervention) have been categorised as 'naturalised' alien species (sensu Richardson et al. 2000; Pyšek et al. 2004) . 'Casual or naturalised' alien plant species were those alien plant species about which adequate field information was not available (Wu et al. 2004 ). We used the term 'invasive' for those alien species that cause apparent damage or pose potential threats to species, ecosystems or to the economy (IUCN (International Union for the Conservation of Nature) (1999); Wang et al. 2011) .
In this sense, invasives should be considered as a subset of naturalised species capable of spreading considerably and with harmful effects, a definition which could also be likened with the terms 'transformers' and 'weeds' as defined by Richardson et al. (2000) and Pyšek et al. (2004) .
With regard to habit, the species were classified into trees, shrubs, sub-shrubs, lianas, climbers and herbs. The species were characterised on the basis of lifespan into various categories like annuals, biennials and perennials. The level of invasion was measured as the total numbers of alien plant species or their proportion of the total species richness (Jauni and Hyvönen 2010) . Finally, the specimens bearing collection no. 200-351 SM Andrabi dated 2010 have been deposited in KASH (herbarium of the Department of Botany at the Centre for Biodiversity and Taxonomy, University of Kashmir, Srinagar).
Results

Floristic diversity of specific habitat types
Flora of graveyards
The graveyard flora in urban areas comprised 96 plant species belonging to 77 genera and 32 families (Table 1) . Six families namely Asteraceae (23 species), Poaceae (10 species), Brassicaceae (7 species), Fabaceae (6 species), Lamiaceae (5 species) and Apiaceae (4 species) accounted for 57.29% of plant species (Table 2) . Sixteen families had one representative each in the urban graveyard flora, five families were represented by two species each and five families were represented by three species each. Out of 77 genera, only Poa and Iris were represented by three species each, 15 genera were represented by two species each and 60 genera were represented by just one species each.
Growth form and life span profile of graveyard flora Of the 96 species recorded in urban graveyards, 91 (94.79%) were herbs (43 annual, 8 biennial, 39 perennial and 1 aquatic), and only 1 and 4 were sub-shrub and trees, respectively ( Figure 2 ).
Out of 91 herbs recorded, 61 (67.03%) were alien and 30 (32.97%) were native. The only one sub-shrub species and all four tree species that were recorded were alien in the study area, and no native species from these two groups were recorded.
Proportion of alien and native species In terms of species status in the region 66 (68.75%), the species were alien ( Figure 3 ) and 30 species (31.25%) were native. Of the 66 aliens, casuals were represented by four species, casuals or naturalised aliens were represented by just one (1.52%) species, 24 (36.36%) and 37 (56.06%) plant species were grouped under naturalised and invasive categories, respectively (Table 3) .
Flora of grasslands
The present study revealed the presence of 112 species belonging to 92 genera and 33 families (Table 1) . Seven families namely Poaceae (22 species), Asteraceae (19 species), Fabaceae (10 species), Brassicaceae (6 species), Rosaceae (6 species), Scrophulariaceae (6 species), and Apiaceae (4 species) accounted for 65.18% of species (Table 2) . Seventeen (51.51%) families were each represented by one species, five families each by two species and remaining four families each were represented by three species. Out of 92 genera, only Poa and Veronica were represented by four species each and Medicago by three species. Twelve genera were each represented by two species and remaining 77 (83.69%) genera were represented each by just one species.
Growth form and life span profile of grassland flora
The analysis of the urban grassland flora revealed that 105 species belonged to herbaceous habit and accounted for about 93.75% of species. They belonged to various life forms like annuals represented by 56 species, biennials by 6 species, perennials by 40 species, aquatics by 2 species and 1 parasitic species. Two species were sub-shrubs, three were shrubs and two tree species were also recorded ( Figure 2) .
Out of the 105 herbs, 71 (67.62%) were alien and 34 (32.38%) were native to the Kashmir. Of the two subshrubs, one was alien and the other one was native to the region. Of the three shrubs recorded, all were alien to the Kashmir. Similarly, two tree species belonged to alien category and no native tree species was recorded from the study area.
Proportion of alien and native species Out of 112 species recorded in urban grasslands, 77 (68.75%) were alien ( Figure 3 ) and 35 (31.25%) were native to the Kashmir. Out of 77 alien species, casuals included 2 species, casuals or naturalised category included 2 species, naturalised category included 33 species and 40 (51.95%) species belonged to invasive category (Table 3) . 
Flora of orchards
The present study revealed the presence of 141 species belonging to 110 genera and 39 families (Table 1) . Six families namely Asteraceae (29 species), Poaceae (14 species), Fabaceae (12 species), Brassicaceae (10 species), Lamiaceae and Rosaceae (8 species each) accounted for 57.45% of the species (Table 2) . Eighteen (46.15%) families were represented by one species each, seven families were represented by two species each, five families by three species each, two families (Polygonaceae and Boraginaceae) were represented by four species and the other one family (Scrophulariaceae) by five species. Out of the 110 genera only one genus, Medicago was represented by four species. Artemisia, Malva, Poa and Veronica were represented by three species each, 20 genera by two species each and 85 (77.27%) genera were represented by just one species each.
Growth form and life span profile of orchard flora Out of 141 species, 130 (92.19%) were herbaceous (60 annual, 11 biennial, 57 perennial, 1 aquatic and 1 climber), 2 were sub-shrubs and 4 were shrubs. Five tree species were also recorded in the study area (Figure 2 ). Eighty-five (65.38%) of the total 130 herbaceous species were alien and 45 (34.62%) were native to the region. Out of two sub-shrubs, one was alien and other was native to the region. Out of four shrubs, three were alien and one was native. All the five tree species were alien to Kashmir.
Proportion of alien and native species Out of 141 species, 94 (66.67%) were alien ( Figure 3 ) and 47 (33.33%) were native to Kashmir. Out of 94 alien species, 6 were casuals, 3 were casuals or naturalised; naturalised category included 35 species, and 50 (53.19%) species represented invasive category (Table 3) .
Flora of wastelands
Urban wasteland flora comprised 110 species, belonging to 89 genera and 36 families (Table 1) . Five families, namely Asteraceae (20 species), Poaceae (16 species), Brassicaceae (8 species), Fabaceae (8 species) and Rosaceae (6 species) accounted for 52.73% of species (Table 2) . Nineteen families were represented by single species each, six families by two species each, three families by four species each and three families were represented by three species each. The maximum number of species i.e. three species was of Poa and Potentilla. Seventeen genera were represented by two species each, and the remaining 70 (78.65%) genera were represented by single species each.
Growth form and life span profile of wasteland flora Out of 110 species, 102 (92.59%) were herbaceous (59 annual, 5 biennial, 34 perennial, 2 aquatic, 1 climber and 1 parasitic), besides 1 sub-shrub, 1 shrub and 6 tree species (Figure 2 ).
Proportion of alien and native species Out of 110 species, 74 (67.27%) were alien ( Figure 3 ) and 36 (32.73%) were native to Kashmir. Casuals included 5 species; casuals or naturalised category included 2 species; 28 species were grouped under naturalised category and 39 species were grouped under invasive category (Table 3) .
Discussion
This study revealed a preponderance of alien plant species across all habitat types. The proportion of alien species among habitats varied from 67.27% to 68.75%, with a mean value of 67.86% and 64.84% in the clubbed species list. Several studies across the globe have reported a higher proportion of alien species in city floras. Pyšek (1998) in a study, involving 54 central European cities, reported a high proportion of alien plant species which ranged between 20% and 60%. The proportion of alien species found in Ensenada, a fast-growing city located in the north-western peninsula of Baja California (Mexico) was also as high as 61% (Garcillán et al. 2009 ). Kowarik (1990) also reported that Polish cities have an average of 50% to 70% alien plant species. Across all habitats, four families such as Asteraceae, Poaceae, Fabaceae and Brassicaceae were having dominant contribution to the respective floras and they contributed 46.09% to 50.89% species to respective habitat floras. The clubbed species list was dominated by large global plant families which have a weedy tendency. The family that included the largest number of species was Asteraceae, followed by Poaceae, Fabaceae, Brassicaceae and Rosaceae. These five families accounted for 50.75% of alien plant species in the clubbed species list in the present study and have been reported to be dominant in other alien floras in Europe (e.g. Weber 1997; Pyšek et al. 2002; Celesti-Grapow et al. 2009 ) and in Asian countries (China Weber et al. 2008 and India Khuroo et al. 2012) . By and large, all genera are represented equally and no genus or few of them dominated the species pool in urban landscapes.
This study revealed that plant species with herbaceous habitat dominated the clubbed species list as well as respective habitat floras and accounted for 92.46% of all species. The annual and perennial herbs were represented by 45.23% and 37.69% of plant species, respectively. This seems to commensurate with the reports that Kashmir Himalayan region has witnessed 25% introductions for landscaping and ornamenting purposes only (Khuroo et al. 2007 ). The dominance of herbaceous plant species, with annual and perennial lifespan, is in agreement with findings of Khuroo et al. (2007) who also reported preponderance of annual (32% of all alien species) and perennial herbs (27% of all alien species) in alien flora of Kashmir Himalaya. Wang et al. (2011) also reported the preponderance of herbaceous habit in naturalised plant species recorded in Beijing Municipality, China. The dominance of alien plant species with herbaceous habit found in urban landscapes of Kashmir valley is presumably due to high anthropogenic disturbance. In areas frequently disturbed, those species have an advantage that can colonise rapidly and make use of the additional resources created by the disturbance such as herbs or grasses with a low canopy height (Hobbs 1989; Lake and Leishman 2004) .
Conclusions
Srinagar city is one of the fastest-growing urban centres where frequent disturbances due to rapid infrastructure development create bare niches and pave way for alien introductions. This is testified by the predominance of alien plant species in the flora of Srinagar city across habitats as found in the present study. The growing preference over time for using alien rather than native species in urban landscaping and ornamenting, despite the Kashmir Himalaya region being quite rich in native ornamentals, has exacerbated the urbanisation-mediated invasions. The role of disturbance, a hallmark of urbanisation, in facilitating plant invasions is also indicated by the dominance of fast-colonising herbaceous plant species as compared to other growth forms in almost all the investigated habitats. The rapid pace of urbanisation and consequent burgeoning invasion in the Srinagar city's studied habitats call for careful policy planning to devise effective strategies for the management of urban landscapes. In fact, using native plant species in developing the urban landscapes and new green zones should be the rule, not the exception.
Abbreviation GRIN: Germplasm Resources Information Network. 
